SUMMARY
An experiment was conducted with 28 third-litter sows to evaluate the efficacy of inorganic Se supplementation to the dam's diet on placental and mammary Se transfer and its subsequent carry-over to the progeny after weaning. Sows were fed a corn-soybean meal diet without or with supplemental inorganic Se at either .1 or .5 ppm levels during the entire reproductive cycle. Sows were bled periodically with three animals slaughtered per group at weaning (28-days) and samples of kidney and hepatic tissue obtained. Progeny from each sow group were sacrificed at parturition, 2-and 4-weeks postpartum with serum, kidney, longissimus muscle and hepatic tissues collected. Pigs were sacrificed from each sow group and tissues collected at periodic intervals following weaning to 100 kg to evaluate the Se carry-over from the dam.
Sow serum, milk and tissue Se levels increased quadratically as the dietary Se level increased with near-maximum concentration levels at approximately the .1 ppm supplemental level. Sow hair analyses reflected dietary levels of the mineral with the greatest Se concentration resulting from those dams fed the higher dietary level of the nutrient. Pregnant animals had lower hair Se concentrations than non-pregnant sows within each treatment group.
Tissue and serum Se concentrations quadratically increased in the neonatal, 2-and
INTRODUCTION
The need for supplementing Se in swine diets has been firmly established, particularly in those areas of the United States where feed grains are low in this nutrient. In February of 1974, the Food and Drug Administration (FDA) approved the addition of inorganic Se to swine diets but not to exceed .1 ppm. Since that time, Se deficiency problems have continued to occur in the swine research herd at the Ohio Station, particularly with young swine up to approximately 35 kg body weight. Investigation of several Ohio swine producers and the feed industry tentatively confirmed that the deficiency was also occurring in the field but at a reduced magnitude than experienced before FDA approved the nutrient addition.
Se is principally available to the young pig from both placental and mammary transfer. The determination of its concentration in the various tissues of the nursing pig, prior to being weaned, is of prime importance. Since deficiencies are occurring frequently during the post-weaning period, the assessment and efficacy of increased dietary Se for the sow and its subsequent concentration in the progeny at various stages of development appeared justified.
The objective of this experiment was to evaluate the efficacy of feeding the sow a corn-soybean meal diet with or without the allowed level of this nutrient. A dietary Se level five times that which is currently approved by FDA was also assessed to determine its effect on the dam and progeny. In addition, the carry-over of Se from the sow to the progeny was evaluated following weaning.
EXPERIMENTAL PROCEDURES
Twenty eight crossbred third-litter sows were allotted on the basis of previous nutritional history at an average body weight of 157 s Sigma Chemical Co., 1967. Technical Bulletin No. 505. kg to one of three Se treatment groups. Sows were selected from a herd where inorganic Se supplementation had not previously been provided.
Sow diets were formulated with corn and soybean meal to contain protein levels of 10% (.03 ppm Se) and 16% (.05 ppm Se) during the gestation and lactation phases, respectfully. One sow treatment group served as the negative control where supplemental Se was not provided in either of the reproductive diets while the other two treatment groups received similar diets but with a supplemental level of either .1 or .5 ppm inorganic Se. Animals were individually fed their respective gestation diet daily at 1.82 kg for at least a 30-day period prior to breeding. The percentage composition of the control diets is presented in table 1.
Sows were bled, via the vena cava, prior to feeding the test diets, at breeding, at 45-and 90-days post-coitum. Serum was harvested, refrigerated and analyzed for Serum Glutamic Oxaloacetic Transaminase (SGOT) within 2 days of collection s and frozen for later Se analysis. A hair sample from each sow was collected from the shoulder area and initially at approximately 90-days post-coitum, washed to remove foreign material and analyzed for Se.
Sows were bled within 18 hr of farrowing and at 14-and 28-days postpartum with milk manually collected during the latter two periods after injection of oxytocin into the vena cava to facilitate milk let-down.
Sows were fed their respective lactation diet once daily to appetite for a 2-hr period in a pen separated from their litters so that the progeny would not have access to the test diet and source of Se. Creep diets were not provided. Upon weaning three sows per treatment group were slaughtered, and samples of kidney and hepatic tissue were collected and frozen for Se analysis.
Within 18 hr of farrowing two pigs from each of four litters per sow group were bled, via cardiac puncture, and sacrificed with samples of kidney, longissimus muscle and hepatic tissue collected and frozen "for later Se analysis. Similar procedures were followed at 2-and 4-weeks postpartum. A greater number of pigs were sacrificed from each sow group at birth, 2-and 4-weeks postpartum than at later periods, since the initial Se contribution from the dam was considered to be of a higher priority.
After weaning, the progeny were fed conventionally fortified corn-soybean meal diets (without supplemental Se) containing protein levels of 18% (.07 ppm Se) to approximately 20 kg, 16% (.05 ppm Se) to 55 kg and 13% (.05 ppm Se) to 100 kg (table 1) .
Pigs were bled, via cardiac puncture, within 1-week of weaning and then at 3-week intervals until market weight. After each bleeding two to three pigs per sow treatment group were slaughtered with hepatic, kidney and longissimus muscle tissue samples collected and frozen for Se analysis. The total number of pigs available from the sow group fed .5 ppm Se was limited and therefore fewer were sacrificed at each post-weaning period than from the other two groups. The selection of pigs for slaughter at the various post-weaning periods was established at weaning so that a maximum of one pig per litter was sacrificed at each interval.
Se was analyzed by the flurometric method of Olson et al. (1969) using approximately 1 to 2 g of frozen tissue and 2 ml of serum for the analysis. Tissue dry matters were determined with Se concentrations expressed on both a wet and dry basis. The kidney cortex was analyzed since Hoffman et al. (1973) demonstrated that the Se concentration from this area was more uniform. Data were statistically analyzed by the least squares method of Harvey (1960) for unequal subclass numbers with a linear regression analysis for unequal treatment intervals used for treatment comparisons.
RESULTS AND DISCUSSION
Sow Effects: The effects of feeding the three dietary Se levels and the resulting Se concentration in the serum at various stages of the reproductive cycle, its content in the milk during lactation and tissue at weaning are presented in table 2.
Initial serum Se levels from all sows were low, indicating a similar tissue Se status. At breeding these concentrations had risen for the supplemented groups but remained at approximately the initial levels in the negative control sow group. As the dietary level of Se increased, serum levels increased quadratically (P<.01) each at breeding, 45-and 90-days post-coitum. There was an apparent decline in serum Se from late gestation to the first observation postpartum in all sow groups but an increase again at the 2-and 4-week lactation periods in the supplemented groups. A lower concentration of serum Se was evident throughout lactation in the negative control sow group as compared to its gestation level while the serum levels in the other groups were similar to their concentrations during pregnancy. These results confirm earlier observations and further substantiate the hypothesis that the quantitative requirement for this nutrient is greater during lactation than pregnancy.
Although the number of observations is limited, non-pregnant sows had a higher hair Se concentration (P<.07) than pregnant animals fed the same gestation diet. There was also a tendency for the hair Se content to be highest for both pregnant (P<.01) and non-pregnant (P<.10) animals when the higher dietary Se level was fed. Perry et al. (1976) reported that the feeding of inorganic Se to beef cattle also resulted in greater hair Se concentrations. Hidiroglou et al. (1965) observed a direct relationship between the Se content of forage, dam's hair and .the incidence of white muscle disease in their calves.
Se was higher in the sow's colostrum as compared to the milk produced later. The Se content of this initial milk increased linearly (P<.01) while in later milk (2-and 4-weeks postpartum) it plateaued (quadratic, P<.01) as the dietary Se level increased. McConnell (1948) reported that after injecting lactating CSeven sow observations on the control; 9 on .1 ppm and 6 on .5 ppm Se groups.
dThree sow observations on control and 3 on the .5 ppm Se group. eTreatment comparison differs (P<.IO).
fLinear treatment response (P<.01).
gThree observations for each tissue mean.
albino rats with 7SSe it was converted to organic Se in the milk protein fraction. Since colostrum is higher in its protein content than later milk, it is probable that the higher Se concentration in sow colostrum is associated with the protein fraction. The resulting sow hepatic and kidney tissue Se concentrations at weaning plateaued (quadratic, P<~.01) as the dietary Se level increased.
There was, however, a greater relative increase in the Se content in the hepatic than kidney tissue. Diehl et al. (1975) reported that hepatic tissue, rather than either longissimus muscle or kidney tissue, accumulated Se in an increasing manner when increasing quantities of Se were injected. Their results and those of this experiment suggest that hepatic tissue is a principal reservoir for this nutrient as evidenced by the bFour observations on the control sow treatment; 6 from the .1 ppm and 3 from the .5 ppm Se diet.
CSixteen pig observations at 14 days from the control sow treatment group; 24 on the .1 ppm and 12 from the .5 ppm Se diet. dEight pig observations at 28 days from the control sow treatment group; 13 on the .1 ppm and 6 on the .5 ppm Se diets.
greater relative concentration of Se in this organ as compared to the other tissues collected when the higher dietary level was provided.
Sow SGOT enzyme levels (table 3) were not influenced during either pregnancy or lactation by the various Se treatments. The diets probably contained marginal but adequate levels of vitamin E and/or Se for reproducing sows, preventing tissue degradation necessary for serum elevation of this enzyme.
These combined tissue and fluid Se results suggest that the capacity of the sow to utilize inorganic Se for its incorporation in milk or various tissues appeared close to maximum when the dietary inorganic Se was .1 ppm. Above this level little additional advantage was Age (Weeks / Figure 3 . Progeny Se concentration of kidney cortex tissue (dry basis) from birth to market. level, were not much greater than when the .1 ppm level was offered.
Initial serum and tissue Se concentrations in the neonatal pig may have reflected some Se deposition from initial colostral consumption, since the pigs had nursed following parturition. Whether this was a major factor in these initial values cannot be ascertained, but other unpublished data from stillborn pigs from this station when dams had been fed varying levels of dietary Se would support the observation that it was largely due to placental transfer.
Serum and tissue Se concentrations in the progeny increased quadratically, at each measurement period during lactation, as the sow dietary level of this nutrient was raised. The hepatic Se content (figure 2) from all progeny, however, declined linearly from parturition to weaning (28-days) with the largest reduction occurring from the pigs of the Se fortified sow groups. Although there was a slight downward trend, the longissimus muscle (figure 3) and serum (figure 1) Se concentrations remained more constant than hepatic tissue, within each sow group, over this 28-day period. In contrast to this, kidney Se concentrations for all nursing pigs increased (figure 3) during the lactation period.
The pig tissue Se results, from birth to (Diehl et al., 1975) but appeared to be mobilized for possible utilization by the animal, as suggested by the resulting Se decline from this tissue from birth to weaning. This then undoubtedly helped to maintain the circulating serum Se levels. Van Vleet et al. (1973) also demonstrated a decline in the hepatic Se concentration within a few days after a combination of vitamin E and Se were injected into baby pigs. Progeny Post-Weaning Effects. Following weaning (28-days), and particularly for the ensuing 4-weeks, the Se content in all tissues and serum decreased 9 The greatest decline occurred in the progeny of both Se fortified sow groups as compared to the pigs from the control sow group 9 Much of this reduction resulted by the first week post-weaning with declines continuing until 8-to ll-weeks of age. Serum and tissue Se concentrations were then similar for the progeny of all sow groups at this stage. These results suggest, therefore, that the Se contributed by the dam to the progeny, either through placental or mammary transfer, not only declined during lactation but rapidly decreased upon weaning 9
The reason for the marked decline of Se during the post-weaning phase is largely attributed to the inadequate dietary intake of this nutrient. Inappetence is characteristically encountered in the young weanling pig with feed intakes being low. A reduced intake therefore restricts the quantitative consumption of Se. Consequently, the young pig must rely on its tissue Se reservoirs to meet its requirement for this mineral until consumption is adequate to satisfy this need. Mahan et al. (1975) previously demonstrated that residual Se deposited in the progeny of sows fed this nutrient could effectively prevent the onset of the deficiency in weaned pigs. These results suggest that these reservoirs could be of a relatively short duration. Although the post-weaning diets in this experiment did not contain supplemental Se, other observations at the Ohio Station have suggested that deficiencies have continued to occur in weanling pigs when they or their dams were fed Se and vitamin E fortified diets. These results, how-ever, confirm the observation that the young pig could become deficient in Se, since the reservoir received from the dam is rapidly depleted, particularly upon weaning.
The period from 11 weeks of age to 100 kg (21 weeks) resulted in not only higher but continuing increases of serum, hepatic and kidney Se concentrations as compared to the previous post-weaning period. The increase in hepatic Se content was lower than the increases in the serum or kidney tissue. These results suggest that since Se concentration increased and accumulated in these tissues during the finishing period, that the natural level present in this finisher diet (.05 ppm) was probably adequate to meet the pig's requirement for this nutrient.
These results confirm the data of Diehl et al. (1975) who also reported that higher Se concentrations in hepatic and kidney tissues were attained when pigs became older. The results of Doornenbal (1975) are, however, in apparent conflict with these data in that this worker reported no detectable difference in carcass Se concentration when either pig age or weight increased. The diets used by Doornenbal (1975) , however, had a higher natural Se concentration than those used in this experiment. This resulted in greater initial tissue Se contents, particularly with the younger pig.
A sow treatment by pig age interaction (P<.01) occurred in the Se content of the longissimus muscle tissue. Se concentrations were greatest in neonatal pigs from the sow group fed .5 ppm, intermediate for the .1 ppm group and lowest for the control progeny. Values declined linearly throughout the experimental period for those progeny of sow groups fed the Se fortified diets. There was a lesser decline for the progeny of the sow group fed .1 ppm as compared to those fed .5 ppm Se, while the muscle Se level from the control group remained relatively constant from birth to market weight. These results suggest that the longissimus muscle tissue is not as labile in its Se turn-over as the hepatic tissue. Se is probably more tightly bound within muscle tissue. Since there was a gradual decline in Se with age, however, this tissue may serve as a potential reservoir and source of this nutrient in situations where long-term reproductive studies are involved.
The kidney Se concentration increased during the nursing period, declined during the initial weeks post-weaning and then increased again during the latter 10 weeks of the trial (figure 3). The principal excretory route of Se is through the kidney (Burk et al., 1972; Groce et al., 1973) . The increased concentration during the nursing period suggests that either a higher Se intake or mobilization of body reservoirs resulted in higher clearance through this tissue. The decline during the initial postweaning period suggests a lowered clearance due to a lowered intake, while the rise in the latter phase of the experiment reflects a greater intake.
